. Manageable light peptide contamination within the internal peptide standards. LC-SRM assays of the tryptically digested heavy internal peptide standards alone (targeting both the light and heavy transitions) were performed. Most of the internal peptide standards contained an undetectable quantity of light peptide, and all were <1% light peptide.
. Correlation between the transcript and protein abundance values. RNA-seq and LC-SRM using internal peptide standards were used to produce transcript and protein absolute abundance values (respectively), and these values were used to perform a linear regression (FPKM = fragments per kilobase of transcript per million mapped reads). Note that the resulting regression is highly dependent on the actin datum. This equation was not used to calculate protein abundance estimates. Figure S4 . Accuracy of RAW264.7 cell protein abundance estimation using the external peptide standards. RAW264.7 cell target protein absolute abundance values were estimated using a label-free approach using the external peptide standards, and also accurately quantified using the internal peptide standards. The estimates and accurate measurements were found to be skewed, so the estimates were normalized using a central tendency normalization. The coefficient of determination R 2 was calculated using the Log 10 -Log 10 -transformed data fit to the equation Y LT = X LT (where X LT = Log 10 (x), and Y LT = Log 10 (y)). Figure S5 . Comparison of protein abundance estimation using RNA-seq and the external peptide standards. RAW264.7 cell target protein abundances were estimated using transcriptomics data and also by using a label-free approach using the external peptide standards. The coefficient of determination R 2 was calculated using the Log 10 -Log 10 -transformed data fit to the equation Y LT = X LT (where X LT = Log 10 (x), and Y LT = Log 10 (y)). A. Accuracy of protein quantification using the internal peptide standards. For each target protein and internal peptide standard, a protein abundance ratio was calculated: the protein abundance value from just the single internal peptide standard divided by the mean protein abundance value calculated across both of the internal peptide standards. This is a different visualization of the data in Figure 2B .
B. Accuracy of protein abundance estimation using RNA-seq. This is a different visualization of the data in Figure 2D .
C. Accuracy of protein abundance estimation using the label-free approach using the external peptide standards. This is a different visualization of the data in Figure S4 . A. Subpathway1. The proteins of Subpathway1 were targeted for accurate quantification using internal peptide standards. Most of the protein abundance estimates were for proteins that were estimated to be of relatively low abundance.
B. Subpathway2.
C. The full Simmune pathway. Figure S8 . Quantification of Subpathway2.
To simulate actin cytoskeleton and FA dynamics within RAW264.7 cells, a second subpathway of the full pathway ( Figure 4 ) was prepared. This subpathway is composed of 95 nodes, 164 edges, 252 genes, 787 proteins, and 9 small molecules, and it was designated "Subpathway2". Subpathway2 includes all of the nodes and edges of Subpathway1 (Figure 3) , and also almost all of the actin cytoskeleton and FA machinery. Numerous signaling proteins, scaffold proteins, and transcription factors were excluded. Note that most of the protein abundance values were estimates. The layout of the nodes is the same as in Figure 4 . Figure S9 . Overview of pathway modeling using Simmune.
A. The Simmune model of a RAW264.7 cell. The cell was modeled as an approximate sphere. Each voxel is a cube with a volume of 1 μm 3 . The size and number of voxels determines the spatial resolution of the simulation. The cell nucleus is visible.
B. Initial condition. The nodes Gnai (green circle), Gnb (blue circle), and Gng (blue oval) represent the proteins Gα, Gβ, and Gγ (respectively), and are bound to each other via their binding sites (small gray-filled circles). In this example, they will undergo a dissociation reaction, then a transformation reaction, and finally an association reaction. For the forthcoming dissociation reaction, the other binding site (Gnai Binding Site 1) is allowed to be bound or unbound (this is indicated by the dashed small circle). In general, a binding site can be required to be in the bound, unbound, or "Don't Care" state. Gnai has a single state tag, and for the forthcoming dissociation reaction it is required to be "ON" (indicated by the solid purple square, and representing that the Gα molecule is GTP bound). Gnb and Gng do not have any state tags. In general, a state tag can be required to be "ON", "OFF", or "Don't Care", and a molecule can have multiple state tags that represent, for example, phosphorylation sites. Simmune requires that molecules have a defined membrane association (freely diffusing, inner membrane associated, outer membrane associated, or transmembrane) and a diffusion coefficient. In Simmune, a "complex" consists of a single molecule or of multiple molecules that are bound together, and Simmune requires an initial concentration value for each complex. Lastly, Simmune requires a molecular reaction rate for each reaction, and these are typically defined in units of L/(mol*s) (association reactions) or 1/s (dissociation and transformation reactions).
C. Products of an example dissociation reaction.
Gnai has dissociated from Gnb-Gng. The Gnai state tag is unchanged (state tags can be affected by a reaction, if desired). The forthcoming transformation reaction will cause the Gnai state tag to transition from "ON" (solid purple square representing that GTP is bound) to "OFF" (hollow purple square representing that GTP is not bound).
D. Products of an example transformation reaction.
Gnai is now not GTP bound (state tag = "OFF"), and this is required for the forthcoming association reaction.
E. Product of an example association reaction. Gnai (GDP bound) is now bound to Gnb-Gng. (Tables S9 -S11 ). The full, post-refinement model was then visualized using Simmune Network Viewer.
In this diagram, each node is a molecular complex (not just an individual molecule). For example, S1P and the two S1P receptors (S1pr1 and S1pr2) are Simmune molecules, and each of these molecules is a component of multiple nodes in this diagram. S1P is the node at the very center of the diagram, and the four nodes of the first ring of the diagram are S1pr1, S1pr2, S1P-S1pr1, and S1P-S1pr2.
Each edge is a molecular reaction (association reactions are cyan, dissociation reactions are light brown, and transformation reactions are violet). All of the molecular reactions are depicted non-redundantly. Note that not every possible molecular complex is depicted (for example, Gα-Gβ and Gβ-Gγ are depicted, but Gα-Gβ-Gγ is not because adding it would result in the depiction of redundant molecular reactions).
The nodes were arranged radially around S1P, and each concentric ring indicates the degree of separation from S1P.
The shape of each molecule depicts its molecular class: small circle = small molecule, large circle = freely diffusing protein, horizontal oval = inner or outer membrane associated protein, small circle (extracellular) + vertical oval (intracellular) = transmembrane protein.
The color of each molecule depicts its molecular function: white = receptor or small molecule, red = enzyme, brown = protein kinase, yellow = protein phosphatase, light green = GTPase, dark green = guanine nucleotide exchange factor, cyan = GTPase-activating protein, blue = adaptor protein, violet = other. Figure S11 . Simulation of blue opsin activation of Subpathway2.
This simulation used Subpathway2 ( Figure S8 ), but otherwise everything was exactly the same as in Figure 5 . A RAW264.7 cell attached to a flat surface was modeled using Simmune. Two simulations using this cell geometry and Subpathway1 (Figure 3) were performed. The cell was not S1P-stimulated for 2 min (t = −2 -0 min), and then the cell was S1P-stimulated for 6 min (t = 0 -6 min). For each simulation, the unattached cell surface was exposed to a uniform concentration of S1P, as indicated. The abundance of activated Rac and Rhoa were tracked (1 s time-points).
C, D: S1P-mediated activation of RAC1 and RHOA in RAW264.7 cells in vitro. Serum starved RAW264.7 cells attached to 12-well plates were stimulated with the indicated concentration of S1P at 37 °C over a time-course. The t = 0 min time-point cells were not stimulated with S1P. G-LISA assays of RAC1-GTP and RHOA-GTP were performed. Two biological replicates were prepared for each experimental condition, but some cell lysates needed to be discarded because their total protein concentration was less than the minimum required for the assay. n = 1 (filled squares) or n = 2 (empty circles); values = mean +/− SEM (note that some of the error-bars are too small to be visible). Unlike the RHOA-GTP assays, RAC1-GTP was assayed at t = 35 min to explore long-term trends. Note that this data was not used for pathway model refinement.
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